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1　Introduction
Lakoff  and Johnson wrote（1980, p. 5）: “The essence of  metaphor is un-
derstanding and experiencing one kind of  thing in terms of  another.” Met-
aphors can help us analyze situations by highlighting points of  interest, and 
via analogy we can find ways to manipulate these situations. In particular, 
this paper will focus on the situation of  English conversation classes at the 
tertiary level in Japan. In order to produce sustained English conversation, 
especially when poorly motivated and heavily peer-influenced, Japanese stu-
dents must supply both content and energy for the duration of  the conver-
sation event. Yet these points, content, energy, and duration, parallel the key 
concepts of  nuclear fusion, namely density, temperature, and confinement 
time. This paper will attempt to show various analogies between tokamaks, 
devices designed to produce energy from nuclear fusion in confined plas-
mas, and English conversation classes.
This paper was inspired by an article in the journal Physics Today entitled 
“Integrated Simulation of  Fusion Plasmas”（Batchelor, 2005）. In design-
ing a computer simulation of  a fusion plasma, various aspects of  a complex 
system must be taken into account. It is in these points we can find insights 
into complex language classroom behavior.
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2　Tokamaks
This section presents a short overview of  tokamaks. Tokamaks are toroidal 
containers of  a hot gas plasma, the state of  matter consisting of  negative-
ly charged electrons and positively charged atomic nuclei（usually of  hydro-
gen）. Because the constituents of  plasmas are not electrically neutral, they 
can be controlled by electrical and magnetic fields. The tokamak employs 
a strong toroidal magnetic field to confine the plasma; the plasma particles 
flow circularly along the magnetic field. However due to what is popularly 
known as centrifugal force and other causes, instabilities arise in the plasma; 
these must be controlled by additional magnetic and electrical fields（Batch-
elor, 2005, p. 37）. In failing to control the instabilities, the plasma will hit 
the confining walls, cool down, and disperse. On the other hand, in a stable 
plasma, if  the plasma density and temperature exceed a certain amount dur-
ing the confinement time, nuclear fusion will occur, with the idea that even-
tually the energy output will exceed the input for commercial power applica-
tions.
3　Magnetic field
The key characteristic of  a tokamak is the strong toroidal magnetic field. 
The analogy with the classroom is the amount of  control or supervision ex-
erted in the classroom. Although an immensely strong magnetic field is pre-
ferred for tokamaks, presently technology limits the field strength to tens 
of  tesla（compare with the earth’s magnetic field strength of  about 50 mi-
crotesla）. Similarly, the classroom at times would be ideal if  the behavior of  
students could be precisely controlled; yet given one teacher per classroom 
this ideal cannot be reached. The language teacher often encounters the sit-
uation where he or she would like to monitor all students at once to ensure 
that they are using the target language exclusively.
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As mentioned above, a simple toroidal magnetic field is insufficient to 
achieve stability in a plasma; additional fields are necessary to compensate 
for the field geometry and limited field strength. Through twisting the toroi-
dal field and shaping the cross-section into a “D” shape, the resulting plas-
ma will encounter areas of  good curvature to counteract the centrifugal 
bad curvature regions. The analogy for the classroom is the arrangement of  
desks or how students can interact in the physical space of  the classroom; 
this can determine how effective the limited control a teacher has can be. 
One might visualize the flow of  control in the classroom and how it might 
be modified to increase its efficacy, just as the tokamak magnetic field must 
be deformed so as to compensate for the centrifugal force.
3.1　Practical example  (pronunciation class)
As an example of  modifying the flow of  control, let us consider a phonet-
ics training class1 of  about 50 students in a language laboratory.2  The layout of  the 
language laboratory has the teacher’s console at the front and traditionally 
arranged front-facing fixed booths. The teaching of  good pronunciation re-
quires face-to-face interaction between instructor and student to assess, for 
example, mouth shape in pronunciation. However, in the language laborato-
ry, access to the students is difficult, requiring one to negotiate around the 
console and long columns of  booths. The areas of  “bad curvature” would 
be the rear and sides of  the classroom which do not lend themselves easily 
to direct supervision. The solution to this problem introduced “good curva-
ture” through a folding of  the layout. The class was moved to a larger room 
equipped with movable tables and chairs.3  Nine tables were deployed in a 
radial layout, with six chairs per table. The teacher was stationed in the cen-
ter. In this way, the furthest student was at most a table-length away from 
the teacher.
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3.2　Practical example  (line-up)
The line-up activity has students line up in two facing rows, with students 
talking to the person in front of  them about a given topic for a specified 
time interval; after time is up, the students shift one partner over and be-
gin again. In practice students tend to end up on one side of  the room even 
though initially the rows were spread across the length of  the room; this 
makes it hard to focus in on individual pairs to monitor performance. Fur-
thermore, the linear nature of  the activity requires the teacher to walk up 
and down along the rows to supervise the activity. Again, suppose the geom-
etry is folded by having four rows, let us call them A, B, C, and D, with rows 
A and B interacting, and rows C and D interacting, and having the teach-
er positioned between rows B and C. The distance between the furthest stu-
dent and the teacher is cut by half, helping to ameliorate the teacher move-
ment issue. Further, having the students use seats in fixed positions rather 
than having them stand helps with individual pair monitoring. The positions 
are predictable, unclustered, and having the students sit extends the reach of  
the standing instructor’s monitoring range.
4　Instabilities
Fusion plasmas in tokamaks are by nature extremely hot and nonuniform 
in terms of  density and pressure, leading to undesired consequences. Batch-
elor（2005, p. 35）states “The plasmas are very far from thermal equilib-
rium, and many different reservoirs of  available energy can drive unstable 
motions.” One example are the states “called microturbulence, which has 
a broad spectrum of  small-scale turbulent eddies”（p. 36）. The design of  
classroom language activities should account for these “reservoirs of  avail-
able energy.” In this context, these instabilities show up as a loss of  atten-
tion to task leading to the use of  L1 rather than L2; there is an energy reser-
voir that drives the L1. Usually, these L1 instabilities start in small localized 
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pockets of  students, the analogy of  microturbulence, that threaten to dis-
rupt the entire class. In small group discussions, for example, some groups 
may lapse into L1, drawing upon the L1 energy reservoir, when frustration 
from the difficulty of  communicating in L2 occurs. Having self-regulating 
feedback and external monitoring are some ways to deal with these instabil-
ities. Already in the previous section we have seen how the magnetic field 
must be twisted to provide a self-regulating mechanism for bad curvature.
4.1　Practical example  (human tape recorders)
Human tape recorders（Kumai, 2000）is an activity that employs self-reg-
ulating feedback to control the L1 instability. Students form two concen-
tric circles, facing each other; the inner ring are the tape recorders, only able 
to write down and read back what the outer ring, the storytellers, have told 
them. The outer ring students start a story, dictating one sentence to the in-
ner ring “tape recorder” student. The outer ring then shifts one seat over; 
the inner ring students read back what was dictated and the outer ring stu-
dents continue the stories with another sentence. The process repeats until 
the stories are developed sufficiently; usually the outer circle will have com-
pleted a circuit once or twice. The inner circle students must write down ex-
actly what the outer circle students dictate which naturally helps the outer 
circle students stay in English; the written record serves as a self-regulat-
ing mechanism. The outer circle rotation puts pressure, another regulato-
ry mechanism, on the storytellers to finish quickly, leaving less time for idea-
to-Japanese-to-English translations as opposed to the more efficient idea-
to-English communication. If  the outer circle were stationary, the recorder-
storyteller pairs may slip into an L1 instability mode as they negotiate the 
content of  the story. The pairs can form local eddies of  instability, essential-
ly detached from the effect of  the surrounding magnetic field in the form 
of  teacher supervision, a “shell” idea to be discussed in section 6 below.
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4.2　Practical example  (fishbowl)
Fishbowl（Klippel, 1984, p. 9; Kumai, 1999; Kindt, et al., 1999）applies ex-
ternal monitoring to squelch the L1 instability in small group discussion. 
The fishbowl activity has students sit in an inward-facing circle except for a 
small（four chairs or so）inner circle, also inward-facing. The students in 
the inner circle are free to talk whereas the outer circle students must remain 
silent. A student in the outer circle can initiate a exchange of  positions with 
an inner circle student by a tap on the shoulder. The obvious place where an 
L1 instability can develop, the inner circle, is constantly monitored by stu-
dents in the outer circle. This creates a peer pressure coming from the ex-
pectations of  what language is to be used in the inner circle discussion that 
inhibits the growth of  any L1 instability in the inner circle.
4.3　Practical example  (origami marketplace)
One example of  insufficient damping of  the L1 instability can be found in 
the activity known as origami marketplace. For warm-up, students practice 
the language of  transactions and bargains. Then one-half  of  the students 
sets up stalls to sell previously made origami models. The other half, the 
buyers, peruse the stalls and the origami, with the sellers trying to persuade 
them about the real or imaginary qualities of  their wares. Following the pe-
rusal time comes the bargaining/selling time, when students buy the origa-
mi using imitation money. Afterwards, the buyers and sellers switch roles. 
In practice, L1 instabilities appear during both the perusal and bargaining 
times. There are few self-regulatory mechanisms involved in the activity; 
during the bargaining time, students are expected to use the aforementioned 
language of  transactions and bargains, but outside of  this, students are ba-
sically left on their own. The persuasion during the perusal time is left up to 
students, which means L2 communication difficulties arise from the incom-
prehension on the part of  the buyers and from the lack of  vocabulary on 
the part of  the sellers. However, there is no pressure to stay in L2 other than 
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the knowledge of  the participants that the activity is supposed to be an L2 
fluency activity, and the occasional rounds made by the instructor.
5　Time scales
In a tokamak, there are many processes occurring over many time scales, 
ranging from 10 trillionths of  a second for plasma heating by electromagnet-
ic waves to the hours it takes for escaping plasmas to cool to wall tempera-
ture, a span of  about fifteen orders of  magnitude（Batchelor, 2005, p. 36）. 
In the classroom, similarly there are processes that occur over a short peri-
od of  time and those that take longer. For example, an activity can span one 
class hour, or many; each activity has sub-tasks that take a shorter amount 
of  time. The management of  these time periods is important to prevent in-
stabilities in L1 from occurring. Over the long term, students’ energy and 
motivation can begin to flag, leading to loss of  attention on L2; over the 
short term, if  a sub-task is finished early, the intervening time may be filled 
by L1 rather than L2.
5.1　Practical example  (advice columns)
“Advice columns” is an activity that uses agony columns from newspapers. 
Students divide into pairs, and receive several agony columns. First, they 
read and discuss together the problems and proposed solutions by the col-
umn experts. Second, the pairs get together with another pair, via a line-
up configuration, and the pairs discuss the problems. If  pair A describes a 
problem to pair B, then pair B gives advice about the problem, after which 
pair A reveals the expert advice. The pairs continue to exchange problems 
and advice for a specified time interval; the pairs then change to another 
pair and begin again. The L1 instability is observed in the first part of  the 
activity when some pairs finish reading their agony columns before others. 
One solution is to have enough reading material（columns）so that no pair 
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can finish reading within the specified time. In the second part of  the activ-
ity, some pairs groups may be reluctant to start discussing a new problem 
if  they know the time interval is close to ending, and an L1 instability may 
start. A possible solution, not yet tried as of  this writing, would be to break 
the time interval for pair-to-pair discussion into sub-intervals. Each sub-in-
terval would be devoted to one problem only, followed by a list of  follow-up 
questions. The length of  the sub-interval would be such that students would 
not have enough time to finish discussing all follow-up questions.
The L1 instability damping solutions in both the first and second parts 
of  the advice columns activity involve cutting off  a sub-task before com-
pletion. In the first case, the pairs should have discussed a sufficient num-
ber of  problems that disregarding the remaining problems would not result 
in a shortage of  discussion material. In the second case, students would be 
cut off  during a follow-up question stage, which would not affect the main 
problem and advice task.
5.2　Practical example  (line-up)
Revisiting the previous example of  line-up（3.2）, this activity lends itself  
well to time management techniques for damping L1 instabilities. The obvi-
ous characteristic of  line-up is the constant change of  partners. The time in-
terval for change is the key factor. Basically, one finds the fastest pair, and 
adjusts the time interval to that pair’s pace so there is never any time that a 
pair is “finished” talking. In other words, we adjust the time scale of  the dis-
cussion to be shorter than the time scale for the growth of  the L1 instabili-
ty. The other characteristic of  line-up is the number of  partner changes. If  
there are too many, the students’ energy reservoir for L2 gets depleted, to be 
replaced by the（much larger）energy reservoir for L1. Thus, one should 
time the overall activity to be within the limits of  the L2 energy reservoir, by 
monitoring the motivation and energy levels of  the students.
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6　Coupling
Batchelor writes（2005, p. 35）:
... as with systems biology or climatology, the science of  the whole of  what 
takes place in a fusion plasma is far richer than the science of  the pieces, 
and one doesn’t understand the organism, the evolution of  climate, or the 
plasma until the couplings between the various contributing phenomena are 
understood.
In the area of  simulating fusion plasmas via computers, scientists have de-
veloped models of  various parts of  the fusion plasma, as in how the plas-
ma interacts with the magnetic field, the origin of  microturbulence, the flow 
of  the plasma, and so on. But the difficulty of  developing an overall simula-
tion that incorporates these separate models occurs in how the various mod-
els are coupled: how they affect each other and what role the differing time 
scales will play. One example about the coupling of  the plasma and magnet-
ic field is the following（p. 35）:
An ideal toroidal system can, in principle, confine independent charged par-
ticles forever. Practical fusion energy production, though, requires such 
high density and energy that the confined particles do not act independent-
ly, but act collectively as a plasma that can modify the imposed [magnetic] 
field.
The language classroom is similar, in that the students are not taught indi-
vidually, and the students can act collectively during a class activity that can 
modify the intent or parameters of  the original activity.
In the classroom, teacher supervision, incentives to speak in L2 vs. L1, 
time management, and other factors, all impact on how successful a class-
room activity will be. But just as in a plasma, these isolated issues interact 
in the real classroom, producing unintended consequences. For example, 
as we have seen in the advice columns activity, inefficient time manage-
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ment can lead to more incentives to speak in L1. But this can lead to strict-
er teacher supervision that can act as a damper on free L2 expression on the 
part of  the students. Clearly, some attempts to hinder L1 instability can lead, 
through a chain of   inadvertent outcomes, to an even worse environment 
for L2. To try to identify all factors in an activity, determine how they affect 
each other, and devise a suitable model to damp L1 instabilities is an enor-
mously difficult enterprise. The approach proposed in Batchelor’s article
（2005, pp. 39―40）uses small steps: “Any given initiative will not attempt a 
comprehensive simulation, but instead will focus on a small number of  is-
sues by coupling two, or perhaps a few, physics models”（p. 39）.
6.1　Practical example  (predictions)
As an example of  solving small coupling problems, let us turn to an activi-
ty known as “predictions” taken from the textbook English Firsthand 1, New 
Gold Edition（Helgesen, et al., 2004, p. 88; Kumai, 2005）. In the original ac-
tivity, students in groups of  three think about predictions for the future. 
There are two lists, one with topics such as this school, my family, and computers. 
The other list has time periods, such as soon, this weekend, and in about ten years. 
One student in the group chooses a topic from the first list and a time pe-
riod from the second list and makes a prediction. The other students in the 
group make comments and ask questions about the prediction. Then anoth-
er student takes a turn at making a prediction, and the process repeats. First, 
an inward-facing group of  three “creates a secure shell within which the stu-
dents can lapse into L1”（Kumai, 2005, p. 206）. This will lead to the L1 in-
stability; the analogy is that the group shields itself  from the surrounding 
magnetic field（instructor supervision and classmates）.
The first solution devised was to have one student choose the topic and 
time period as before, but with the remaining students giving predictions, 
and the first student judging which prediction is the best. This introduces 
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the element of  self-regulation as the predictions must be given in English. 
Although this solution was an improvement, the configuration of  the group, 
an inward-facing triplet, strongly dampens any positive gains from the new 
roles. Students will still be tempted to use L1 to repeat what they said in L2 
to ensure comprehension by the judging student, although a rule could be 
made that the use of  L1 would disqualify the speaker. The coupling between 
the configuration and the discussion act still produces ripe conditions for an 
L1 instability.
The second attempt at a solution combined two groups of  three. In this 
arrangement, one group plays the role of  the judge in the first solution; they 
choose the topic and time period, and judge the other group’s solutions; 
groups take turns judging and predicting. In effect, the number of  judges 
has become three instead of  one. By enlarging the group, and arranging the 
groups to be two facing rows, the shell effect is lessened; the outside “mag-
netic field” can penetrate into the group. Further, with three judges, that is, 
three witnesses, it is harder for one student to talk in L1 especially if  it leads 
to disqualification. There is a positive coupling between the roles of  the stu-
dents and the layout of  the discussion group. In actual practice, this second 
solution was successful in having students stay in L1 throughout the activity.
7　Conclusion
The point of  the Physics Today article（Batchelor, 2005）is that scientists 
have studied many different aspects of  fusion plasmas but are just now 
welding together these disparate aspects into one overall model. In the vari-
ous aspects of  fusion plasmas as well as in the process of  combining them, 
we can find analogies to the language classroom. The magnetic field gives 
hints at folding the configuration of  the classroom or activity to facilitate 
“good curvature.” The microturbulence found in plasmas give insight into 
how small localized pockets of  students can give rise to L1 instabilities. We 
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have seen how self-regulation and monitoring can help damp these instabil-
ities. Differences in time scales for various phenomena can give rise to in-
stability in both plasmas and the language classroom; one tries to adjust the 
time scale for L2 production to be shorter than L1 instability growth. Final-
ly, just as the various separate aspects of  a plasma affect one another, so too 
the various aspects of  a language learning activity. The approach suggest-
ed is to look at how a few aspects are coupled one step at a time rather than 
tackling the activity as a whole.
The key insight tokamaks give us is that classrooms are like plasmas, 
brimming with instabilities threatening to disrupt the ideal of  having stu-
dents interacting and producing L2; the instructor must look for ways to 
build into activities mechanisms to block and hinder the L1 instabilities.
Notes
1  Eigo Onsei Training A, spring semester, 2006.
2  Room LL―1 at Nanzan Junior College.
3  Room 21 at Nanzan Junior College.
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